Two Spanish natural populations of Drosophila melanogaster have been analysed with respect to genetic variability in third chromosome viability. The two populations, although from the same locality, belong to relatively different habitats: the inside of a cellar and a vineyard. The patterns of homozygote and heterozygote viability are similar in both populations. The homozygous detrimental loads estimated are very high and the values for the D : L (detrimental/lethal) ratio close to 25, which is higher than any previously found. The environmental variance of viability, average degrees of dominance of lethal genes and of viability polygenes and effective population sizes were estimated in each population. The mechanisms which could maintain variability in these populations, the causes of the high detrimental loads and the possibility that cellar and vineyard could be two subpopulations of a larger population are discussed.
This paper presents the patterns of viability, genetic load and population size of a population of Drosophila melanogaster from a cellar and a nearby exterior population in a vineyard in an attempt to measure the extent of genetic variability of viability in Spanish populations and the mechanisms which may operate in its maintenance. MATERIAL 
AND METHODS
Late in October of 1979 a capture of D.
melanogaster was sampled in two sites with different environmental conditions, a celler and a vineyard separated by 4 km in Requena (Valencia) in the east of Spain.
Extraction and maintenance of third chromosomes
Male flies were individually mated to 3 virgin females of the Ubx/Sb [TM2 h ca/CSbJ strain (the X, II, IV chromosomes and the cytoplasm of Ubx/Sb flies had been substituted with chromosomes and cytoplasm from the cellar population). A single Ubx male fly from each cross was mated again with 3 Ubx/Sb virgin females in the next generation. Thus, 300 third chromosomes were extracted and were maintained, as lines, at 19°C in the following way: 15 Ubx males were mated to 15 Ubx/Sb females. The 15 pairs of flies were distributed at random in 3 vials, establishing 3
replicates. In the next and following generations, 15 males of Ubx phenotype were selected at random from the offspring of the 3 replicates, and were mated again with 15 Ubx/Sb females establishing 3 new replicates.
Estimation of relative viabilities
Homozygote and heterozygote relative viabilities were estimated as follows: Crosses were made between 4 Ubx/ + i females and 4 Ubx/ + i males with two simultaneous replications in each chromosome line, where "i" indicates line number. In the offspring, Uhx/+i and +i/+i flies segregate at an expected ratio of 2:1. The relative viabilities of random heterozygotes were estimated in a way similar to the above, combining two successively numbered lines, i.e., Ubx/+ix Ubx/+i±1 in order to secure random combination of different chromosome lines. As in the case of homozygotes, four-pair matings were conducted with two simultaneous replications. In both cases, four days after the crosses were made, all 8 flies in a vial were transferred to a second vial. Four days after the transfer, all flies were discarded. In both vials, the original and the transferred, all flies were counted 3 times until the 18th day after the cross or transfer was made. Ubx flies and wild type flies from the pair of vials were respectively pooled and considered as a single observation. Relative viability was expressed as the ratio of the number of wild type flies to the number of Uhx flies+ 1 (cf. Haldane, 1956 ). The crosses were made at different times (cycles) . Fifteen lines were employed per cycle (except two cycles in which 20 were used). The chromosomes for each cycle were chosen at random from chromosomes that originated from males since line numbers were assigned randomly. Homozygote and heterozygote relative viabilities were estimated at the same time within each cycle.
Before the analyses were made, all relative viabilities were standardised by cycle to the average heterozygote relative viability of that cycle.
Estimation of environmental variance
The expected sampling variance (Vs) of viability indices is given by the following formula (Mukai et a!., 1982a; Mukai and Nagano, 1983): Vs=4n(m+n)/m3 where "m" and "n" indicate the number of Ubx/+ and +/+ flies emerged, respectively. Thus, environmental variance (VEN) is given by subtracting the_ average of the expected sampling variances (Vs) of viability indices for respective replicates from the observed error variance () of viability indices among replicates within lines of crosses.
(2) Formula (1) was appropriately modified to take into account the standardization of viability indices.
Estimation of the average degree of dominance for viability polygenes
The average degree of dominance for viability polygenes was estimated by the regression method of Mukai end Yamaguchi (1974) . The expected regression of heterozygote viability (Y) on the sum of the two constituent homozygote viabilities (X) on chromosome basis (3,) estimates the harmonic mean of degree of dominance of newly arisen mutant viability polygenes (hN); at the same time, this gives the average degree of dominance of viability polygenes in an equilibrium population (hE). The regression coefficient of X on Y (13x.y) gives approximately the inverse of arithmetic mean of the average degree of dominance of newly arisen mutant viability polygenes.
RESULTS
155 third chromosomes were extracted from the cellar and 145 from the vineyard, and all homozygote and heterozygote relative viabilities were examined.
The cosmopolitan inversions, In(3R)P and In(3L)P are present in both populations. Their frequencies are: 5.81 per cent for !n(3L)P and 8.14 per cent for ln(3R)P in the cellar and 8.00
per cent and 17.33 per cent for In(3L)P and Jn(3R)P respectively in the vineyard (Gonzalez, 1985) .
Viability data were collected so as to permit partition of the total variance into (a) the variance between groups of chromosomes tested at the same time (cycles); (b) that between chromosomes within these groups or cycles; (c) that between replicates within the chromosomes. Table I shows a summary of two-level nested anovas which were carried out for homozygote (1) (excluding lethals) and heterozygote viabilities in Average degree of dominance of viability polygenes
All heterozygotes of which the constituent chromosomes have both viability indices larger than 0.6 (n =20 in the cellar; n = 12 in the vineyard) were used in these estimations which were performed as indicated in materials and methods. For the calculation of the regression coefficients, analyses of variance and covariance were performed to estimate the genetic variances and genetic covariances between the viabilities of random heterozygotes and the sums of the viabilities of the respective 'N is of the same order in both populations.
Therefore, the greater frequency of lethal allelism observed (Ic:) in the cellar with respect to that in the vineyard, although the difference is not significant, is principally due to the greater consanguinity of that population. The effective sizes of both populations (Ne) was estimated by the following formula (Nei, 1968) where the degrees of dominance of lethal genes and the mutation rates to lethals (u) per locus are Values of iO and 00 i05 were used in our can be estimated by -ln(1 -fç:Q2)/ln(1 -Q)2, calculations for (u); the former estimate comes were (Ifl) stands for the allelism rate of lethal from assuming that the number of lethal-producing 'C = Rate of lethal allelism observed; 'N = lethal allelism due to mutation; 'F = allelism due to consanguinity; n = no. of lethal producing loci per third chromosome.
loci per third chromosome is similar to the second chromosome, n = 500 (cf. Wallace, 1950 ) and the latter is based on n 2,400 (Judd et al., 1972) .
The estimate of effective sizes for both populations are presented in table 8. In the cellar population, the lethals in the heterozygous condition show a very slight deleterious effect while in the vineyard population neither dominance nor overdominance is manifest. Detrimental heterozygous effect of lethal genes in our populations can also indirectly be estimated from the frequency of lethal-carrying chromosomes. Under the null hypothesis (that heterozygous lethal genes are not deleterious to their carriers), the equilibrium frequency of lethalcarrying chromosomes can be predicted. The equilibrium frequency of a lethal is (u) (where (u) is the lethal mutation rate). If the number of lethalproducing loci is (n), then the avera&e number of lethal genes per chromosome is n/u. Assuming that the lethal genes are distributed on the chromosome according to a Poisson distribution, the expected frequency of lethal-cerrying chromosomes (Q) can be estimated to be: E(Q)= 1 -e".
Values of (u) and (n) have been reported as 105/locus/generation and 500 respectively (as a minimum estimate); thus, E(Q)=0.79. If n 2,400; then E(Q) =097. The estimates of (Q) in our populations are 0.24 and 0.27, which are significantly smaller than the minimum estimate of 0.79. This finding rejects the null hypothesis and clearly supports the alternative hypothesis that the fitness of lethal heterozygotes is significantly smaller than of lethal-free individuals in both habitats (cf. Mukai and Yamaguchi, 1974; Mukai and Nagano, 1983) .
The semilethals in heterozygous condition in both populations show the same behaviour as the lethals and the average degree of dominance of viability polygenes estimated in the cellar population, though it is low (hE=Ol52) is within the estimated values for natural populations of Drosophila melanogaster made by Mukai (1969) and close to the estimates of Mukai (1964) and Mukai and Yamaguchi (1974) .
Which mechanisms may act to maintain genetic load and genetic variability of viability in these populations? Such a high detrimental load might indicate that some type of balancing selection is acting at some loci. However, heterosis was not observed for lethals nor for detrimentals, which together with the slight rate of lethal allelism, does not support associative overdominance as a mechanism operating to maintain these deleterious genes. Simmons et aL, (1980) observed pleiotropic effects on fitness of mutations affecting viability in D. melanogaster. However, our experimental results do not support the action of associative overdominance on other components of fitness. Also, the experiments of Marinkovic (1967) and Rose and Charlesworth (1981) indicate no overdominance with respect to fertility.
The estimated values for elimination rates of lethals due to homozygosity depend on 1Q2[(Q) being the frequency of lethal-carrying chromosomes and (I) their allelism rate] and were 000050 and 000048 for the cellar and vineyard respectively. These values are much smaller than the average chromosome mutation rate (0.0005) established by Wallace (1968) for the third chromosome.
Therefore, in our populations, bearing in mind that selective neutrality of the lethal heterozygotes has been rejected, purifying selection must be acting, (although at a low intensity) to eliminate lethals through heterozygotes.
Dominance Mukai et a!., 1980; Mukai et a!., 1982b; Tachida and Mukai, 1985) or frequency dependent selection (Dolan and Robertson, 1975; Yoshimaru and Mukai, 1979) are not satisfactory mechanisms for maintaining genetic variability in random mating populations: diversifying selection may be a better candidate. However, the present study does not support the view that this type of selection is acting in our populations. In the vineyard, differences in the environmental variances of viability between homozygotes and heterozygotes is not observed; while in the cellar, developmental homeostasis for viability is manifested in heterozygotes even more than in homozygotes. This is different from the results in the Raleigh (Mukai et a!., 1982) , the Florida (Mukai and Nagano, 1983 ) and the ishigakijima (Tachida and Mukai, 1985) populations. The vineyard population is more similar, as regards the environmental variances of viability, to the Japanese population of Aomari studied by Kusakabe and Mukai (1984a) showing a rather similar situation to that of the newly arisen mildly deleterious mutations, which have not experienced natural selection at all (Mukai et a!., 1982a) .
The smaller environmental variance of homozygotes compared to that of heterozygotes in the cellar population might simply result from the higher endogamy of this population, a circumstance which induce homozygosis. As the stability in viability of heterozygotes over homozygotes is a product of natural selection (Mukai eta!., 1982a) , if this selection is not positively acting on the newly arisen mildly detrimental mutations which are homeostatic in heterozygotes, or if the selection pressure is very low, the gene frequency of homozygously homeostatic genes increases in this population. Thus, we find homozygote stability in respect of the viability in the chromosomes from the cellar population.
Recent work Mukai and Nagano, 1983; Tachida et a!., 1983; Kusakabe and Mukai, 1984b) suggest that the principal mechanism responsible for the maintenance of genetic variability of viability on the majority of loci in the natural populations is likely to be a mutationselection balance. These works also indicate that is a north-to-south dine in the magnitude of genetic variability of viability, which suggests that selection operates more actively in southern populations. If the high detrimental load in the populations from cellar and vineyard indicates the existence of a great number of concealed deleterious genes in our populations, then their behaviour would be more similar to that of more southern Japanese and American populations, where selection is more active. However, in our populations, the deterimental load is even higher than that of such southern populations. The lethal load from the cellar and vineyard populations is within the range of that of natural populations (e.g., Greenberg and Crow, 1960; Kusakabe and Mukai, 1984a) . The frequencies of lethal-carrying chromosomes in our populations are similar to the frequencies observed for this species in Mediterranean populations (Golschmidt et a!., 1955; Dawood, 1961; Sperlich and Karlik, 1963; Mourad et a!., 1976 Drosophi!a species (Dobzhansky and Spassky, 1953; Malogolowkin-Cohen et a!., 1964) .
What could be the cause of the high detrimental load in the populations studied? We think that two circumstances may be present: a higher mutation rate of mildly deleterious genes compared to that of lethals, the normal ratio of 20: 1 (Mukai, 1964) , and very low average degrees of dominance of lethals and detrimentals compared to that of the majority of natural populations, the difference being relatively more accentuated for the average degree of dominance of detrimental genes. Therefore, the elimination by selection through heterozygotes will be low, more particularly for detrimentals; the accumulation of these will hence be higher.
The possible effect of newly induced mutations in the processes of establishment and maintenance of chromosome lines might also be considered (Mukai, 1964; Mukai et a!., 1972) . However the means and the variances in the different sets of experiments (cycles) did not decrease or increase as the experiments advanced, suggesting that this effect is not important.
Tt is unlikely that estimated viabilities are disturbed as a consequence of recombinational phenomena in Ubx/+ heterozygous females due to the TM2 balancer (Mcintyre and Wright, 1966) .
This chromosome also carry out the h and ca mutations which were used as a control, and no recombination was observed in any of the lines analysed. Moreover, this phenomenon occurred when the Ubx/+ females also were heterozygous for an X-chromosome inversion. In natural popu.
lations of D. melanogester, inversions on the X chromosome are rare (Inoue et a!., 1984) and, in our populations no inversion has been detected on this chromosome (Gonzalez, 1985) . We cannot reject out the chromosome cytoplasmic interaction known as hybrid dysgenesis (Kidwell et al., 1977) . If this were present during the extraction of the third chromosome, the homozygous load due to detrimental genes estimated in the present study might be overestimated. However in a study on male recombination in the same populations (Botella and Ménsua, 1983) , male recombination frequencies typical of hybrid dysgenesis were not detected.
The high detrimental load may exist in our populations throughout the year, but can also be a circumstance due to the moment of capture, which was at the end of the seasonal cycle of D. melanogaster. There might be a higher frequency of deterimental genes then due to their accumulation over the seasonal, as a consequence of the low pressure against detrimental heterozygotes.
The fact that cellar and vineyard populations behave in the same way suggest that they are subpopulations of a large population.
Lethal allelism and the population size estimate support this supposition. Wallace (1966) and Paik (1968) observed that the frequency of allelism of lethals declines linearly with the square root of distance. However, for the relatively great distance that separates the cellar and the vineyard (4 Km) the rate of allelism although it decreases does not do so markedly. The effective population sizes estimated in the cellar and vineyard populations are not very different; both populations are relatively large and the smaller size estimated in the cellar is essentially due to the consanguinity of this population (as suggested by the lethal allelism due to endogamy).
However, the level of interpopulational allelism of lethals is very low suggesting that each population has a characteristic complement of lethals. This indicates a certain independence of the two populations, which calls into question whether they really are two subpopulations of a larger population.
We think, in spite of the low frequency of pseudoobscura and their work suggests that migration between populations to the extent inferred here is quite feasible. Moreover, it must be taken into account that the frequencies of interpopulation allelism are not excessively low if they are compared with the frequency of intrapopulation allelism and as Spieth (1974) said, "in terms of gene flow, the distinction between absolutely none and almost none is enormous".
